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Abstract

reported from wild gibel carp,  from Yuzhnoe Lake, located in the Tugur 
River basin. Prevalence of infection is close to 100%. Up to 20% of the kidney may be occupied granu-
lomas and almost all of the large granulomas had necrotic centres. The aetiology of the disease is 
discussed; possible causes include the presence of numerous small cells (spores) that were localised 
within the cytoplasm of phagocytic cells or were lying freely in the stroma and/or the existence of 
plasmodia in the renal tubules and ducts. A comparison of parasitic cells (spores) with one of the 
species of the order Dermocystida -  - is provided. Sex ratios for the population 
studied was considered atypical for this species (62% male and 38% female) and the length-weight 
relationship for all individuals was estimated to be W = 0.025L2.947 (approximation value R2 = 0.87).

Introduction
The gibel carp,  is one 

of negative environmental factors, such as 
pollution. The gibel carp was introduced to 
Europe from Asia in the 17th century (Lever, 
1996); due to its biological characteristics, the 

countries and is now considered an invasive 
species. In the Czech Republic,  seri-
ously decreased the occurrence and numbers 
of indigenous  populations 
and contributed to the decreased numbers of 

most abundant and widespread exotic species 
(Grabowska et al., 2010) and may be a vector for 
parasites and disease (Grabowska et al., 2010; 

Lusk et al., 2010); for this reason, the diseases 
and pathologies of the gibel carp must be inves-
tigated, particularly to protect indigenous carp. 

 is native to and prevalent in the Russian 
part of the Amur River basin. Thus, the gibel 
carp was selected as an indicator species for the 
assessment of water quality of the environment 
and for monitoring water pollution. Pollution 
of the Amur River has a negative impact on 

 caught 

previously been investigated in detail (Syasina 
et al., 2012). However, due to the presence of 
the disease condition described here, the gibel 
carp does not appear to be a suitable candidate 
for pollution monitoring as the presence of 
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such a disease hinders the detection of lesions 
induced by pollution. During an investiga-
tion of gibel carp from the Tugur River basin, 
the extensive visceral granulomatosis, which 
displayed similar histological features to that 

also found. The aim of the present research was 
to describe the intensive granulomatosis from 
wild gibel carp,  caught in Yuzhnoe 
Lake and to provide baseline data on the length 

populations studied.

Materials and methods
Gibel carp were caught in Yuzhnoe Lake, which 
is located in the Tugur River basin, north of 
Khabarovsky Krai, Russia (53°45’ N, 137°00’ E). 
Yuzhnoe Lake is unique because it is located 

access. Therefore, people seldom visit this lake 
and there are no anthropogenic inputs; thus, the 

net on 5 June 2009 and 12 June 2010. The total 

sample selection was random except that the 

was used as a selection parameter. Before dis-
section, the total length (TL, cm), the fork length 
from the tip of the snout to the end of the middle 

(BW, g) were recorded for each animal; age 

statistics and correlation analysis were per-
formed using Statistica 6 and Excel. Exponential 
regression was used to characterise the rela-
tionship between fork length and total weight 
according to the equation W = aLb, where a and 
b are the regression constants (Ricker, 1975). 

The samples from four organs (trunk kidney, 

routine protocol. Histological sections were 
stained with haematoxylin and eosin (H&E) 
and analysed for the presence of pathological 
changes and parasites; selected sections were 
also treated with Ziehl-Neelsen staining for 

the detection of parasites on histological slides; 
no macroscopic examination was performed. 
Using the strained tissue sections, parasites 

according to the guide proposed by Bruno et 
al. (2006). The size of parasitic cells and the area 
of the granulomas were measured. The area 
occupied by granulomas (square micrometres) 
(%) was determined relative to the area of the 
image captured from the renal tissues examined 
(square micrometres); this index is equivalent 
to the volume density of granulomas. The his-
tological slides that corresponded to the most 
severe cases were analysed.

Results and discussion
The proportion of sexes in the investigated 
population of gibel carp from Yuzhnoe Lake 
was 62% male and 38% female. Because all of 

performed. The equation for the length-weight 
relationship was W = 0.025 L2.947; the approxima-
tion value (R2) was calculated as 0.87 (Figure 1). 
The appearance of the gibel carp was good, and 
clinical signs of infection were absent. Among 

were 6 - 10 years old, with body weights ranging 
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and had body weights ranging from 150 - 555 
g. For the combined sexes, the mean AB value 
with standard deviation (SD) was 24.7 cm  2.9 
(min = 19.0 cm, max = 31.5 cm); the mean BW 
was 340.85 g  161.93 (min = 150.0 g, max = 850.0 
g). The observed sex ratio in the gibel carp from 

Gibel carp can reproduce by gynogenesis, and 
females are predominant in most populations. 
For instance, the  population in the 
Buldan Dam Lake consisted of 99.44% females 
and 0.56% males (Sari et al., 2008). 

Intensive visceral granulomatosis was found 
with a prevalence of nearly 100% in the gibel 
carp that were examined; the kidney was the 

-
ric analysis showed that the area occupied by 
granulomas in the kidney reached 20% in the 
most severe cases. In the trunk kidney, the di-
ameter of granulomas ranged from 50 - 250 
μm. Granulomas in the gibel carp represent 
the compact, organised accumulation of mature 
monocytic phagocytes (macrophages and/or 
epithelioid cells) in the interstitium; the cellular 
composition of granulomas may vary slightly in 

 The length-weight relationship was estimated to be W = 0.025L2.947, with an approximation value 
R2 = 0.87, for all studied individuals of  from Yuzhnoe Lake. 

 Histological section of the kidney of 
 from Yuzhnoe Lake. 

Scale bar = 100 m.
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connection with the presence or absence of pig-
mented macrophages. The formation of granu-
lomas begins with the accumulation of several 
very pale epithelioid cells, which subsequently 
increase in number. Granulomas can form at 
or near the base of melanomacrophage aggre-
gates, in which case the granulomas become 
pigmented. Microscopic investigation showed 
that granulomas possess a layered morphology 

-
tened. Most of the large granulomas had necrotic 
centres (Figure 3a), and they were sometimes 

-
lomatosis suggests that the gibel carp have a 
strong immune response to this disease. Another 
manifestation of a strong immune response was 
the large quantity of pigmented macrophages 
present in the kidney tissues. 

The granulomatosis may be non-infectious 
or infectious. Non-infectious granulomatosis 

-
sociated with diet. In this study, gibel carp was 

and we believe that they have no problem with 
diet. Foreign bodies or particles with links to 
granulomas were not observed; therefore, the 
granulomas are most likely infectious. Infec-

by diverse infectious agents including myco-
bacteria, -like parasitic organ-
isms (Landsberg and Paperna, 1992) and others, 
including amoeba (Dyková et al., 1996). No 
evidence was seen for bacteria associated with 
the granulomas. Granulomatosis in wild gibel 
carp has been previously reported only in the 
Amur River basin (Syasina et al., 2012).

Although the disease aetiology has not been 
-

fectious agent is the most likely cause. In the 
interstitium, numerous small cells (spores) were 
observed either localised within the cytoplasm 
of phagocytic cells or were observed in the in-
tercellular space. These spores were spherical 
in shape and approximately 2 μm in diameter, 
according to measurements on histological sec-
tions. Spores divided and produced two to six 
daughter cells (Figure 3b). 

In addition, small parasitic cells of equal size 
were observed in the epithelium that lines the 
renal collecting ducts, which resulted in the 
degeneration of the adjacent epithelial cells; only 
mono- and binuclear parasitic cells were found 
at this location (Figure 3c). Inside the lumen of 
the renal tubules and ducts, plasmodia of an 

There were two prominent features of these 
plasmodia. First, they had poorly structured and 
numerous, irregular nuclei. Second, they were 
large in size; apparently, these plasmodia can 
divide and generate numerous smaller plasmo-

small parasitic cells represent an early stage of 
the parasite’s life cycle, which serves to prepare 
the parasite for later development in the renal 
tubules and ducts. Intensive granulomatosis, the 
presence of numerous granulomas with necrotic 

tissues by numerous pigmented macrophages in 

immune response, as well as the late stage and 
the chronic character of the disease.

The illness proceeded chronically, as it was 
observed in all age groups from 3 - 10-year-old 

in the renal tubular epithelium; hypertrophy 
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of separate renal epithelial cells; and necrosis 
of renal epithelial cells, interstitial cells, and 
even some renal tubules. Large cavities, which 
resulted from dilation of the blood vessels and 

sometimes observed. The cavities were deline-

haemorrhage had not taken place. Granulomas 
of the same structure observed in the kidney 
were also present in the gonads, the liver and 
once in the gills, which is evidence of the sys-
temic character of disease. This disease exerts a 

gibel carp; partial phagocytosis of sperm was 
observed in the testis of two males. In heavily 

-
pied approximately half of the ovary volume; 
the remainder of the ovary was occupied by 
previtellogenic and some vitellogenic oocytes. 
In the less-diseased females, the gonads were 

beginning of June), among which few granu-
lomas were present. The gonads of the rest of 

also found in the gills; there was one species of 

 Histopathology of the trunk kidney of  from Yuzhnoe Lake. a) Two late-

whereas the second granuloma (G2) is not pigmented and is composed of eosinophilic, amorphous, necrotic 
material. b) Mononuclear (arrowheads) and tetranuclear (arrow) stages of the pathogen in the stroma. c) 
Mono- and binuclear parasitic cells (arrowheads) in the epithelium of the renal duct. d) Plasmodia (arrows) 
in the duct lumen (Dl). H&E. Scale bars (a, b, c) = 100 m; (d) = 50 m.
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 (Ciliata) located between lamellae and 

the gills. Other signs of parasitism were not ob-

species of parasites, thus the granulomatous 

presence of these parasites.

According to the observed characteristics (e.g. 
intracellular localisation, spore size and shape, 
reproduction by forming 2-, 4- or 6-cell stages, 
systemic infection, and induced granuloma-

belong to a -like species, which 
-

ida within the class Mesomycetozoea (Arkush 
et al., 2003).

Among Cyprinidae, a visceral form of a Der
-like infection was found with 13% 

prevalence in a naturally infected carp, 
 from Lake Agios in Vassilios, Greece 

(Athanassopoulou, 1998). The disease found in 
gibel carp,  and carp,  showed 
similar characteristics: all ages were infected 

-
sitic cells were found in most internal organs, 
but the most severe infection was found in the 
kidney. In the carp, , Athanassopou-
lou (1998) observed necrosis and only a slight 

in our case, the granulomatosis was strongly 
pronounced.

The current data prevent an exact diagnos-
tic of the parasite present, but the pathogen 
bears similarities to members of the order 
Dermocystida, which include  
spp., , and 

(Arkush et al., 2003). The complete life 

cycle for members of the order of parasitising 
 

spp. and , has not been determined. 

plasmodia that are typical for  
spp. Several identical characteristics were found 
in , which infect salmon; however, 
cyprinid species act as healthy carriers for 

 (Andreou et al., 2011). A comparison 
of the epidemiological, morphological, and 
pathogenetic characteristics of  in-
fecting the sunbleak, from 
Stoneham Lakes and the pathogenic agent from 

 from Yuzhnoe Lake is presented in 
Table 1. 

In conclusion, this study has shown that gibel 
carp, , from a natural environment are 
subject to widespread infection, presumably by 
species of the order Dermocystida. Therefore, 
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 Comparison of epidemiological, morphological, and pathogenetic characteristics of 
 in the sunbleak, from Stoneham Lakes and the pathogenic agent in 

 from Yuzhnoe Lake of the Tugur River basin.

Characteristic  in   
(Andreou et al., 2011)

Pathogenic agent in  (present 
paper)

Prevalence 5% 100%

Site of 
infection

Kidney, spleen, liver, intestine, 
gonad, eye, adipose tissue 
(surrounding the intestinal tract) 
and skeletal muscle

Mainly kidney

Host reaction and kidney in the kidney; liver, gonads and gills are 

Granulomas 
description

Multifocal granulomas of 

enlarged macrophage aggregates 
surrounded by single-cell 
connective tissue layer to well-
demarcated lesions surrounded 

sizes ranging from accumulation of 
several very pale epithelioid cells to 
large granulomas with necrotic centres, 

layer 

Spore 

localisation

Spore diameter 2-4 μm, located 
intracellularly in various host 
cells, including the renal tubule 
and the collecting duct epithelial 
cells, where they are associated 
with extensive vacuolar 
degeneration and necrosis

Spores approximately 2 μm located 
within cytoplasm of phagocytic cells 
or free in the kidney interstitium. 
Division of spores produced two to six 
daughter cells. Mono- and binuclear 
parasitic cells in renal collecting duct 
epithelia; adjacent epithelial cells were 
degenerated 

Tinctorial 
properties of 
spores

Deeply eosinophilic with H&E 
staining Not obvious

gonads and 
gametogenesis

Testicular tissue was 
characterised by the presence of 

multifocal necrosis and intense 

Partial phagocytosis of sperm observed 

the kidney, granulomas occupied half of 
the ovary volume; the remainder of the 
ovary was occupied by previtellogenic 
and small number of vitellogenic 
oocytes
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